INTRODUCTION {#sec1-1}
============

Many Chinese medicinal herbs contain substances that promote hemostasis and when administered orally or externally, can help to support the process through which bleeding stops. The hemostatic components and mechanisms of action in some of these herbs have been investigated using the mouse bleeding model \[[@ref1]-[@ref5]\]. Hemostyptics are specific hemostatic agents that retard or stop bleeding by causing blood vessels to contract or by accelerating blood clotting when externally applied \[[@ref3],[@ref6],[@ref7]\]. The hemostatic activities of herbal hemostyptics are often due to mechanisms such as tannin astringency \[[@ref8]\]. Some hemostatic herbs can shorten bleeding and blood coagulation times \[[@ref9]\], thus preventing bleeding from fragile capillaries, and they can also inhibit infection and inflammation that leads to vessel leakage and damage. We previously showed that Cat-tail pollen (*Pollen Typhae*), a traditional Chinese medicinal herb, has hemostyptic effects *in vitro* and in the mouse bleeding model *in vivo* \[[@ref10]\]. That study also showed that the hemostyptic properties of externally applied Cat-tail pollen were attributable to the activation of intrinsic coagulation \[[@ref10]\]. Acidic polysaccharide in pollen extract directly activates factor XII in the intrinsic coagulation cascade \[[@ref10]\]. The present study searched for novel hemostyptics by assessing ability of 114 Chinese herbal extracts to enhance coagulation activity *in vitro*.

MATERIALS AND METHODS {#sec1-2}
=====================

Materials {#sec2-1}
---------

Extracts from 114 Chinese medical herbs were supplied by the Cooperative Research Project at the Joint Usage/Research Center (Joint Usage/Research Center for Science-Based Natural Medicine), Institute of Natural Medicine, University of Toyama \[[Table 1](#T1){ref-type="table"}\]. Human factor XII was purchased from Hematologic Technologies Inc. (Essex Junction, Vermont, USA). Pooled normal human plasma was obtained from Axis-Shield (Oslo, Norway). The coagulation assay reagent, Thromborel S was purchased from Dade Behring (Marburg, Germany) and Sysmex (Kobe, Japan), respectively.
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Preparation of Extract {#sec2-2}
----------------------

Extracts were prepared by boiling 45 g of each herb in 900 mL of water for 30 min and then passed through a cotton plug.

Filtrates were lyophilized and dissolved in water to a final concentration of 10 mg/mL.

Coagulation Assays {#sec2-3}
------------------

Coagulation was assayed as prothrombin time (PT). Plasma diluted five-fold with isotonic sodium chloride solution (100 µL) was incubated with extracts (50 µL) for 5 min. The PT reagent (50 µL), was added and then coagulation was started by adding 25 mmol/L CaCl~2~. The time required to form clots was measured using a KC4A coagulometer (Amelung, Lemgo, Germany). The plasma coagulation time of the control was about 350 s. Extracts that shortened coagulation time were regarded as containing active compounds. Extracts that shorted coagulation time to \<230 s were selected. However, some herb extracts that were very turbid or contained precipitates were not further investigated.

Factor XII Activation Assay {#sec2-4}
---------------------------

Factor XII activation was assayed \[[@ref6]\]. A volume of 70 µL of purified human factor XII (0.14 mg/mL) and 70 µL of extracts (10 mg/mL) were incubated for 5 h and then the mixtures were resolved by SDS-PAGE and stained with silver.

RESULTS {#sec1-3}
=======

We determined the potentiating effect of herbal extracts on the coagulation time of the extrinsic pathway to assess hemostatic activity *in vitro*. Trace amounts of PT reagent were used to start the reaction. A shortened coagulation time was taken to indicate hemostatic activity. Extracts of Alpinia Rhizome, Areca, Artemisia Leaf, Cassia Bark, Danshen Root, Ephedra Herb, Epimedium Herb, Forsythia Fruit, Great Burdock Achene, Moutan Bark, Perilla Herb, Red Paeony Root, Schizonepeta Spike, Senticosus Rhizome, Sweet Annie, Uncaria Thorn and Zanthoxylum Peel shortened coagulation time \[[Figure 1](#F1){ref-type="fig"}\]. We then assessed the ability of these extracts to activate factor XII. Purified human factor XII was incubated with the extracts for 5 h at 37°C and then the presence of Factor XIIa was assessed. Proteins in the mixture were resolved by SDS-PAGE and stained with silver. The light and heavy chains of factor XII were detected after adding extracts of Cat-tail pollen, Artemisia Leaf and Great Burdock Achene. A slight amount of light chain was generated by extracts of Perilla Herb \[[Figure 2](#F2){ref-type="fig"}\].

![Effects of extracts of Chinese medicinal herbs on prothrombin time, Herbal extracts were incubated with plasma for 5 min before CaCl~2~ solution was added and amount of time required for clot formation was measured. Data are expressed as means ± standard deviation (*n* = 3). \*Coagulation time was under 230 s.](JIE-4-19-g002){#F1}

![Analysis of factor XII activation, Chinese herbal extracts were incubated with factor XII for 5 h and then generation of activated factor XIIa was analyzed by SDS-PAGE followed by silver staining.](JIE-4-19-g003){#F2}

DISCUSSION {#sec1-4}
==========

The hemostatic properties of Cat-tail Pollen have been attributed to the activation of intrinsic coagulation \[[@ref10],[@ref11]\]. Acidic polysaccharide in extracts of Cat-tail pollen directly activate factor XII in the coagulation cascade \[[@ref10],[@ref11]\]. However, whether other hemostatic herbs such as Artemisia Leaf can activate intrinsic coagulation has remained unknown and other medicinal herbs might have as yet undiscovered hemostatic activity. Therefore, we screened active substances in 117 extracts of Chinese herbs by measuring the ability to enhance the extrinsic coagulation reaction. Extracts of Alpinia Rhizome, Areca, Artemisia Leaf, Cassia Bark, Danshen Root, Ephedra Herb, Epimedium Herb, Forsythia Fruit, Great Burdock Achene, Moutan Bark, Perilla Herb, Red Paeony Root, Schizonepeta Spike, Senticosus Rhizome, Sweet Annie, Uncaria Thorn and Zanthoxylum Peel shortened coagulation times. The ability of these extracts to activate factor XII was assessed by incubation for 1 h at 37°C, followed by resolving the reaction products by SDS-PAGE. [Figure 2](#F2){ref-type="fig"} shows that extracts of Artemisia Leaf and Great Burdock Achene cleaved factor XII to the light and heavy chains of factor XIIa, namely the active form of factor XII. Artemisia Leaf is a known antipyretic, insecticide, diuretic, and hemostatic agent \[[@ref12]\]. Kneaded leaves of Artemisia Leaf have been used to treat excoriations or cuts on the skin surface. The hemostatic activity is thought to be a result of tannin astringency because mugwort contain high levels of tannin \[[@ref8]\]. The present study found that Artemisia Leaf directly activates Factor XII. Hayakawa *et al*. reported that extracts of Artemisia Leaf leaves contain sulfated polysaccharide \[[@ref13]\], and this probably induced the activation. However, the contribution of factor XII activation to the hemostatic activity of Artemisia Leaf is not clear. Great Burdock Achene has traditionally been used in China as an anti-inflammatory, detoxifying, or diuretic agent, and to dispel pathogenic wind-heat, promote eruption and remove toxic substances such as heavy metals \[[@ref13]\]. The major bioactive principles in Great Burdock Achene are phenolic compounds such as lignans that have various biological properties *in vitro* and *in vivo* such as anti-cancer, antioxidant, antibacterial, antiviral anti-inflammatory and immunosuppressive activities \[[@ref14]-[@ref16]\]. However, whether Great Burdock Achene has hemostatic activity and effects on blood coagulation had not been reported. The present results showed that extracts of Great Burdock Achene and of Cat-tail pollen have essentially identical ability to activate factor XII. Negatively-charged compounds such as acidic polysaccharides in burdock fruit might contribute to the activation of factor XII. Sweet Annie and Artemisia Leaf both belong to the genus *Artemisia*. Sweet Annie (*Artemisia annua*) is a renowned antimalarial \[[@ref17]\] and its effect on hemostasis has already been established in traditional Chinese medicine \[[@ref18]\]. Wang *et al*. screened the hemostatic active fraction of sweet Annie using assays of plasma recalcification times and found an active fraction \[[@ref19]\]. However, the mechanism involved in the reduction of coagulation time was not clear. Sweet Annie did not activate factor XII in the present study. Schizonepeta spike (*Schizonepeta tenuifolia*) exerts hemostatic action by promoting coagulation and inhibiting fibrinolysis \[[@ref20]\]. Here, Schizonepeta spike shortened PT, but the activity was not dependent on factor XII activation. Extracts of Red Paeony Root also shortened blood coagulation time in the present study, which contradicted the findings of Wang and Ma, who showed that an extract of Red Paeony Root prolonged coagulation time \[[@ref21]\]. We did not detect factor XII activation by other herbs that shorten coagulation time. These extracts might activate coagulation factors downstream of the intrinsic coagulation cascade such as factor XI and factor IX or inhibit anticoagulant proteins such as antithrombin. Our screening study showed that some popular Chinese herbs have potential as hemostatic agents. However, to the best of our knowledge, these herbs have not been used as a treatment to preventing bleeding. The mechanisms through which these herbs shortened blood coagulation time remain also obscure. Nonetheless, these traditional herbs could be applied as a novel clinical approach to the control or prevention of bleeding.
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